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'UXJUHSRVLWLRQLQJ VFUHHQV LGHQWLI\ 7ULDPWHUHQH DV D VHOHFWLYH GUXJ IRU WKH
WUHDWPHQWRI'1$0LVPDWFK5HSDLUGHILFLHQWFHOOV

'HOSKLQH*XLOORWLQ3KLOLS$XVWLQ5XPHQD%HJXP0DUWD2)UHLWDV$VKLUZDG0HUYH
7LP%UHQG6XVDQ6KRUW6LOYLD0DULQR	6DUDK$0DUWLQ

&HQWUHIRU0ROHFXODU2QFRORJ\%DUWV&DQFHU,QVWLWXWH4XHHQ0DU\8QLYHUVLW\RI/RQGRQ
&KDUWHUKRXVH6TXDUH/RQGRQ(&0%48.
%OL]DUG,QVWLWXWH%DUWVDQGWKH/RQGRQ6FKRRORI0HGLFLQHDQG'HQWLVWU\4XHHQ0DU\
8QLYHUVLW\RI/RQGRQ1HZDUN6WUHHW/RQGRQ($78.
/HHGV,QVWLWXWHRI&DQFHUDQG3DWKRORJ\:HOOFRPH7UXVW%UHQQHU%XLOGLQJ 
6W-DPHV
V8QLYHUVLW\+RVSLWDO%HFNHWW6W/HHGV/67)8.
$XWKRUVFRQWULEXWHGHTXDOO\WRWKLVZRUN



&RUUHVSRQGLQJ$XWKRU6DUDK$0DUWLQ
&HQWUHIRU0ROHFXODU2QFRORJ\%DUWV&DQFHU,QVWLWXWH4XHHQ0DU\8QLYHUVLW\RI/RQGRQ
&KDUWHUKRXVH6TXDUH/RQGRQ(&0%48.
(PDLOVDUDKPDUWLQ#TPXODFXN
7HO
)D[

&RQIOLFWRI,QWHUHVW7KHDXWKRUVGHFODUHQRFRQIOLFWVRILQWHUHVWH[LVW

5XQQLQJWLWOH7ULDPWHUHQHVHOHFWLYHO\WDUJHWV005GHILFLHQWFHOOV

 
6WDWHPHQWRIWUDQVODWLRQDOUHOHYDQFH
/RVVRIWKH'1$PLVPDWFKUHSDLU005SDWKZD\LVDFRPPRQIHDWXUHRIPDQ\WXPRU
W\SHV'XH WR WKH UROHRI005SURWHLQV LQ WKH UHFRJQLWLRQRIPDQ\GUXJLQGXFHG'1$
DGGXFWV005GHILFLHQW WXPRUVDUHRIWHQ UHVLVWDQW WRD ODUJHQXPEHURIFXUUHQWO\XVHG
FKHPRWKHUDSLHV 7KHUHIRUH QHZ VHOHFWLYH WKHUDSLHV DUH XUJHQWO\ UHTXLUHG IRU WKHVH
SDWLHQWV7KLVPDQXVFULSWUHSRUWVWKHLGHQWLILFDWLRQRIDQRYHOWKHUDSHXWLFVWUDWHJ\IRUWKH
WUHDWPHQWRI005GHILFLHQWWXPRUV:HKDYHVKRZQWKDWWUHDWPHQWZLWKWKHGLXUHWLFGUXJ
7ULDPWHUHQH VHQVLWL]HV 005GHILFLHQW WXPRUV in vitro DQG in vivo 7KLV VHOHFWLYLW\ LV
WKURXJKD7ULDPWHUHQHPHGLDWHGDQWLIRODWHDFWLYLW\GHSHQGHQWRQ WK\PLG\ODWHV\QWKDVH
H[SUHVVLRQ*LYHQWKHIUHTXHQF\RI005GHIHFWVLQDUDQJHRIGLIIHUHQWWXPRUW\SHVWKH
LPSOLFDWLRQRI RXU ZRUN LV WKDW 7ULDPWHUHQH PD\ EH XVHG WKHUDSHXWLFDOO\ WR H[SORLW WKLV
VHQVLWLYLW\LQWKHFOLQLF
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$EVWUDFW
3XUSRVH7KH'1$0LVPDWFKUHSDLU005SDWKZD\LVUHTXLUHGIRUWKHPDLQWHQDQFHRI
JHQRPH VWDELOLW\ 8QVXUSULVLQJO\ PXWDWLRQV LQ 005 JHQHV RFFXU LQ D ZLGH UDQJH RI
GLIIHUHQWFDQFHUV6WXGLHVWKXVIDUKDYHODUJHO\IRFXVHGRQVSHFLILFWXPRUW\SHVRU005
PXWDWLRQV KRZHYHU LW LV EHFRPLQJ LQFUHDVLQJO\ FOHDU WKDW D WKHUDS\ WDUJHWLQJ 005
GHILFLHQF\LQJHQHUDOZRXOGEHFOLQLFDOO\YHU\EHQHILFLDO
([SHULPHQWDO 'HVLJQ %DVHG RQ D GUXJUHSRVLWLRQLQJ DSSURDFK ZH VFUHHQHG D ODUJH
SDQHORIFHOO OLQHVZLWKYDULRXV005GHILFLHQFLHV IURPDUDQJHRIGLIIHUHQW WXPRU W\SHV
ZLWK D FRPSRXQG GUXJ OLEUDU\ RI SUHYLRXVO\ DSSURYHG GUXJV :H KDYH LGHQWLILHG WKH
SRWDVVLXPVSDULQJ GLXUHWLF GUXJ 7ULDPWHUHQH DV D QRYHO VHQVLWL]LQJ DJHQW LQ 005
GHILFLHQWWXPRUFHOOVin vitro DQGin vivo
5HVXOWV7KHVHOHFWLYHWXPRUFHOOF\WRWR[LFLW\RI7ULDPWHUHQHRFFXUVWKURXJKLWVDQWLIRODWH
DFWLYLW\ DQG GHSHQGV RQ WKH DFWLYLW\ RI WKH IRODWH V\QWKHVLV HQ]\PH WK\PLG\ODWH
V\QWKDVH7ULDPWHUHQHOHDGVWRDWK\PLG\ODWHV\QWKDVHGHSHQGHQWGLIIHUHQWLDOLQFUHDVHLQ
UHDFWLYH R[\JHQ VSHFLHV LQ 005GHILFLHQW FHOOV XOWLPDWHO\ UHVXOWLQJ LQ DQ LQFUHDVH LQ
'1$GRXEOHVWUDQGEUHDNV
&RQFOXVLRQ&RQFOXVLYHO\RXUGDWDUHYHDODQHZGUXJUHSXUSRVLQJDQGQRYHOWKHUDSHXWLF
VWUDWHJ\ WKDW KDV SRWHQWLDO IRU WKH WUHDWPHQW RI 005GHILFLHQF\ LQ D UDQJH RI GLIIHUHQW
WXPRUW\SHVDQGFRXOGVLJQLILFDQWO\LPSURYHSDWLHQWVXUYLYDO
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 
,QWURGXFWLRQ
*HUPOLQH PXWDWLRQV LQ '1$ PLVPDWFK UHSDLU 005 JHQHV LQFOXGLQJ 0/+ 06+
06+DQG306FDQOHDGWR/\QFK6\QGURPHDQDXWRVRPDOFRQGLWLRQDOVRNQRZQDV
KHUHGLWDU\QRQSRO\SRVLVFRORUHFWDOFDQFHU+13&&13DWLHQWVZLWKWKLVFRQGLWLRQKDYH
DQ  OLIHWLPH ULVN RI GHYHORSLQJ FRORUHFWDO FDQFHU DQG D  OLIHWLPH ULVN RI
GHYHORSLQJ HQGRPHWULDO FDQFHU ,Q DGGLWLRQ SDWLHQWV DUH DOVR DW DQ LQFUHDVHG ULVN RI
GHYHORSLQJRWKHUFDQFHUVVXFKDVVPDOOERZHOSDQFUHDWLFSURVWDWHXULQDU\WUDFW OLYHU
NLGQH\DQGELOHGXFWFDQFHU'HIHFWV LQWKH005V\VWHPFDQDOVRRFFXUDVDUHVXOWRI
VRPDWLF PXWDWLRQV RU HSLJHQHWLF VLOHQFLQJ 6LJQLILFDQWO\ LW LV WKRXJKW WKDW  RI DOO
FRORUHFWDOFDQFHUVDQGRIDOO HQGRPHWULDO FDQFHUVKDYH ORVVRID IXQFWLRQDO005
SDWKZD\2, 3)XUWKHUPRUHPXWDWLRQVLQWKH005JHQH06+KDYHEHHQLGHQWLILHGLQ
 RI WHPR]RORPLGHUHVLVWDQW JOLREODVWRPD *%0 SDWLHQWV DQG PHGLDWH
WHPR]RORPLGH UHVLVWDQFH 4-60RUH UHFHQWO\DQXPEHURIVWXGLHVKDYHVKRZQ WKDWD
UHGXFWLRQ LQ 005 SURWHLQ OHYHOV LQ SDUWLFXODU 06+ DQG 06+ RFFXUV XSRQ *%0
UHFXUUHQFHDQG WKDW WUDQVFULSW OHYHOVRI005JHQHVDUHSURJQRVWLF IRUSDWLHQW VXUYLYDO
DIWHUWHPR]RORPLGHWUHDWPHQW6-8

6\QWKHWLF OHWKDOLW\ ZLWK ORVV RI '1$ UHSDLU SURWHLQV KDV SUHYLRXVO\ EHHQ VXFFHVVIXOO\
H[SORLWHG9-137RGDWHDQXPEHURIVWXGLHVKDYHLGHQWLILHGV\QWKHWLFOHWKDOLQWHUDFWLRQV
ZLWKVSHFLILF005JHQHPXWDWLRQVRUVSHFLILFWXPRUW\SHV9, 10, 14, 15,QWKLVVWXG\
ZHFDUULHGRXWGUXJUHSRVLWLRQLQJFRPSRXQGVFUHHQVLQDSDQHORI005GHILFLHQWFHOOXODU
PRGHOVIURPDUDQJHRIGLIIHUHQWWXPRUW\SHVWRLGHQWLI\GUXJVWKDWVHQVLWL]HZLWK005
ORVV LQ JHQHUDO :H LGHQWLILHG WKH SRWDVVLXPVSDULQJ GLXUHWLF GUXJ 7ULDPWHUHQH DV D
QRYHO WKHUDSHXWLF DJHQW LQ 005GHILFLHQW WXPRU FHOOV 2XU GDWD VXJJHVW WKDW WKH
VHOHFWLYLW\ RI 7ULDPWHUHQH LV EDVHG RQ LWV DQWLIRODWH DFWLYLW\ DQG LV GHSHQGHQW RQ
H[SUHVVLRQ RI WKH IRODWH V\QWKHVLV HQ]\PH WK\PLG\ODWH V\QWKDVH 7DNHQ WRJHWKHU RXU
 
GDWDUHYHDOVWKDW7ULDPWHUHQHLVDSURPLVLQJQRYHOWKHUDSHXWLFVWUDWHJ\IRUWKHWUHDWPHQW
RI005GHILFLHQWGLVHDVHLQDUDQJHRIGLIIHUHQWWXPRUW\SHV
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0DWHULDOVDQG0HWKRGV

&HOOOLQHV
7KH 875 *%0 FHOO OLQHV ZHUH D NLQG JLIW IURP 'U 'DYLG /RXLV 0DVVDFKXVHWWV
*HQHUDO+RVSLWDO0$86$ ,Q WKHRULJLQDO SDSHU 5 WKHQRPHQFODWXUH IRU WKHVHFHOO
OLQHV ZDV $75 ,Q D VXEVHTXHQW FRUUHFWLRQ WR WKH SDSHU WKLV QRPHQFODWXUH ZDV
XSGDWHGWR87506+16:HKDYH675SURILOHGWKHVHFHOOOLQHVDQGFRQILUP
WKH\RULJLQDWHIURP8FHOOV7KH80050)(0050)(0/+
 ./( 005 $1&$ 0/+ +(&% 06+ 5/ 06+ 06+ 06+
DQG ,6+,.$:$ 0/+ FHOO OLQHV ZHUH SXUFKDVHG IURP $7&& 7KH FRORUHFWDO '/'
06+DQG'/'&KU005FHOOOLQHVDQGHQGRPHWULDO+(&06+FHOO OLQHV
ZHUH D NLQG JLIW IURP 'U 7KRPDV .XQNHO 1DWLRQDO ,QVWLWXWH RI (QYLURQPHQWDO +HDOWK
6FLHQFHV 7KH KXPDQ FRORQ FDQFHU FHOO OLQH +&7 0/+ DQG +&7&KU
005ZHUHDNLQGJLIWIURP'U$ODQ&ODUN1,(+6'/'DQG'/'&KUFHOOVZHUH
JURZQ LQ530,6LJPD$OGULFK)%6DQGSHQLFLOOLQVWUHSWRP\FLQDW &ZLWK
&2$OO RWKHU FHOO OLQHVZHUHJURZQ LQ'0(0 6LJPD$OGULFK  )%6DQG
SHQLFLOOLQVWUHSWRP\FLQDW&ZLWK&2'/'&KUDQG+&7&KUFHOOVZHUH
PDLQWDLQHG XQGHU VHOHFWLYH SUHVVXUH RI  JP/ JHQHWLFLQ * VXOIDWH 5RFKH
875 FHOOV ZHUH PDLQWDLQHG LQ  0 70= 6DQWD &UX] $OO FHOO OLQHV ZHUH
DXWKHQWLFDWHG RQ WKH EDVLV RI 675SURILOH YLDELOLW\ PRUSKRORJLF LQVSHFWLRQ DQG ZHUH
URXWLQHO\P\FRSODVPDWHVWHG

&RPSRXQG/LEUDU\6FUHHQ
7KH )'$DSSURYHG FRPSRXQG OLEUDU\ LQFRUSRUDWLQJ  GUXJV ZDV SXUFKDVHG IURP
6HOOHFN&KHPLFDOV&HOOVZHUHSODWHG LQZHOOSODWHVDQGWUHDWHGZLWKYHKLFOH
'062 RU WKH FRPSRXQG OLEUDU\ DYHUDJH FRPSRXQG FRQFHQWUDWLRQ RI WKH OLEUDU\ LQ
 
PHGLD ZDV  0 $IWHU  GD\V LQFXEDWLRQ ZLWK WKH GUXJ OLEUDU\ FHOO YLDELOLW\ ZDV
DVVHVVHG XVLQJ WKH &HOO7LWHU *OR DVVD\ 3URPHJD DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V
LQVWUXFWLRQV /XPLQHVFHQFH UHDGLQJV IURP HDFK ZHOO ZHUH ORJ WUDQVIRUPHG DQG
QRUPDOL]HGDFFRUGLQJWRWKHPHGLDQVLJQDORQHDFKSODWHDQGWKHQVWDQGDUGL]HGE\XVH
RI D =VFRUH VWDWLVWLF XVLQJ WKH PHGLDQ DEVROXWH GHYLDWLRQ WR HVWLPDWH WKH YDULDWLRQ LQ
HDFKVFUHHQ=VFRUHVZHUHFRPSDUHGWR LGHQWLI\FRPSRXQGVWKDWFDXVHVHOHFWLYH ORVV
RIYLDELOLW\ LQ005GHILFLHQWFHOOV LQFRPSDULVRQWR005SURILFLHQWFHOOV)RUYDOLGDWLRQ
H[SHULPHQWV FHOOVZHUH WUHDWHGZLWK LQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQHDQGFHOO
YLDELOLW\ XVLQJ WKH &HOO7LWHU *OR DVVD\ ZDV DVVD\HG DIWHU  GD\V 7ULDPWHUHQH ZDV
SXUFKDVHGIURP6LJPD$OGULFK1DFHW\OF\VWHLQHZDVSXUFKDVHGIURP6DQWD&UX]

&RORQ\IRUPDWLRQDVVD\
9DOLGDWLRQRI7ULDPWHUHQHZDVSHUIRUPHGE\FRORQ\IRUPDWLRQDVVD\V&HOOVZHUHVHHGHG
DW YDULRXV GHQVLWLHV LQ VL[ZHOO SODWHV DQG H[SRVHG WR WKH GUXJ DW WKH LQGLFDWHG
FRQFHQWUDWLRQV&HOOVZHUHUHWUHDWHGHYHU\IRXUGD\VZKHUHE\WKHGUXJFRQWDLQLQJPHGLD
ZDV UHPRYHG DQG WKH IUHVK GUXJ FRQWDLQLQJ PHGLD ZDV DGGHG $IWHU WHQ WR IRXUWHHQ
GD\VFHOOVZHUHIL[HGDQGVWDLQHGZLWKVXOSKRUKRGDPLQH%6LJPD6W/RXLV86$DQG
FRXQWHG

&HOO&\FOH$QDO\VLV
)ROORZLQJ7ULDPWHUHQH WUHDWPHQW FHOOVZHUH IL[HG LQ LFHFROGHWKDQRODQGVWDLQHG
ZLWK  SURSLGLXP LRGLGH 3, DQG  51DVH $ LQ 3%6 IRU FHOOF\FOH DQDO\VLV 7KH
VDPSOHUHDGRXWZDVSHUIRUPHGRQ WKH%'/65)RUWHVVD%HFWRQ'LFNLQVRQ86$DQG
WKHGDWDZHUHDQDO\VHGXVLQJ)ORZ-R)ORZ-R//&

;HQRJUDIWH[SHULPHQWV
 
'/'DQG'/'&KU FHOO OLQHV  [  FHOOV UHVXVSHQGHG LQ3%6ZHUH LQMHFWHG
VXEFXWDQHRXVO\ LQWR WKH ULJKW IODQN RI DGXOW a ZHHNV ROG PDOH 12'6&,' PLFH
&KDUOHV5LYHU /DERUDWRULHV 7XPRUV ZHUH DOORZHG WR GHYHORS WR D PHDQ WXPRU
GLDPHWHUEHWZHHQDQGPPEHIRUHWUHDWPHQW0LFHZHUHWKHQWUHDWHGWLPHVDZHHN
E\JDYDJHZLWKPJNJ7ULDPWHUHQHRUYHKLFOH7XPRUVZHUHPHDVXUHGWZLFHZHHNO\
0LFHZHUHVDFULILFHGLQFDVHRIVLFNQHVVRUZKHQWKHWXPRUVUHDFKHGFP$OODQLPDO
SURFHGXUHVZHUHFDUULHGRXWDVSHUWKH$QLPDO6FLHQWLILF3URFHGXUHV$FWXQGHUWKH
+RPH2IILFHDSSURYDOOLFHQVHV33/DQG3,/

3URWHLQDQDO\VLV
&HOO SHOOHWVZHUH O\VHG LQP07ULV S+ P01D&O P0('7$ YY
13JO\FHUROVXSSOHPHQWHGZLWKSURWHDVHLQKLELWRUV)RUZHVWHUQEORWWLQJO\VDWHV
ZHUHHOHFWURSKRUHVHGRQ1RYH[SUHFDVWJHOV ,QYLWURJHQDQG LPPXQREORWWHGXVLQJ WKH
IROORZLQJ DQWLERGLHV DQWL06+  DQWL06+  DQWL0/+  DQWL
WK\PLG\ODWH V\QWKDVH  β$FWLQ  SXUFKDVHG IURP &HOO 6LJQDOLQJ 7KH
IROORZLQJ DQWLERGLHV ZHUH DOVR XVHG DQWL06+ VF 6DQWD &UX] DQG DQWL β
WXEXOLQ 7 6LJPD 7KLV ZDV IROORZHG E\ LQFXEDWLRQ ZLWK DQWL,J*KRUVHUDGLVK
SHUR[LGDVHDQGFKHPLOXPLQHVFHQWGHWHFWLRQ6XSHUVLJQDO:HVW3LFR&KHPLOXPLQHVFHQW
6XEVWUDWH3LHUFH,PPXQREORWWLQJIRUβ$FWLQDQGβWXEXOLQZHUHSHUIRUPHGDVORDGLQJ
FRQWURO

VL51$WUDQVIHFWLRQV
)RU VL51$ WUDQVIHFWLRQV FHOOV ZHUH WUDQVIHFWHG ZLWK LQGLYLGXDO VL51$ ROLJRV 4LDJHQ
XVLQJ/LSRIHFWDPLQH51$L0D[,QYLWURJHQDFFRUGLQJWRWKHPDQXIDFWXUHU¶VLQVWUXFWLRQV
 
$VDFRQWUROIRUHDFKH[SHULPHQWFHOOVZHUHOHIWXQWUDQVIHFWHGRUWUDQVIHFWHGZLWKDQRQ
WDUJHWLQJFRQWUROVL51$DQGFRQFXUUHQWO\DQDO\]HG

5HDFWLYH2[\JHQ6SHFLHV'HWHFWLRQ
&HOOXODU526ZDVPHDVXUHGXVLQJ'&)'$&HOOXODU5HDFWLYH2[\JHQ6SHFLHV'HWHFWLRQ
$VVD\ .LW $EFDP DE DFFRUGLQJ WR WKH PDQXIDFWXUHU¶V LQVWUXFWLRQV %ULHIO\ WR
GHWHFW 526 OHYHOV QRQIOXRUHVFHQW ¶¶GLFKORURIOXRUHVFHLQ GLDFHWDWH '&)'$ LV
FRQYHUWHGWRIOXRUHVFHQW'&)XSRQ526+22+2122DQG2 LQGXFWLRQ&HOOV
ZHUH SODWHG LQ FOHDU ERWWRP EODFN ZHOO SODWHV DQG WUHDWHG ZLWK 7ULDPWHUHQH IRU WKH
LQGLFDWHGWLPHV&HOOVZHUHWKHQWUHDWHGZLWKȝ0'&)'$RULQFXEDWHGLQDVVD\EXIIHU
DVDQHJDWLYHFRQWURO$IWHUPLQLQFXEDWLRQDWÛ&FHOOVZHUHZDVKHGZLWK;3%6
DQGLQFXEDWHGIRUKLQIUHVKDVVD\EXIIHUDWÛ&LQD&2LQFXEDWRU)OXRUHVFHQFH
ZDVPHDVXUHGXVLQJWKH:DOODFSODWHUHDGHU3HUNLQ(OPHU(DFKDVVD\FRQGLWLRQ
ZDVSHUIRUPHGLQGXSOLFDWHDQGFHOOYLDELOLW\ZDVPHDVXUHGLQUHSOLFDWHSODWHVXVLQJWKH
&HOO7LWHU*OR DVVD\ )OXRUHVFHQFH '&) YDOXHV ZHUH QRUPDOL]HG WR WKH FRUUHVSRQGLQJ
FHOOYLDELOLW\OXPLQHVFHQFHGDWD

'HWHFWLRQRIFHOOXODU'1$GDPDJHE\&RPHWDVVD\
$ FRPPHUFLDOO\ DYDLODEOH &RPHW DVVD\ NLW IURP &HOO %LRODEV 67$ ZDV XVHG WR
PHDVXUH OHYHOVRIFHOOXODU'1$GDPDJH7KHDVVD\VZHUHSHUIRUPHGDFFRUGLQJ WR WKH
PDQXIDFWXUHU
VLQVWUXFWLRQV%ULHIO\[FHOOVZHUHPL[HGZLWKPROWHQDJDURVH'1$
IURP HPEHGGHG FHOOV ZDV WKHQ GHQDWXUHG LQ DQ DONDOLQH VROXWLRQ 6DPSOHV ZHUH
HOHFWURSKRUHVHG LQ D KRUL]RQWDO FKDPEHU WR VHSDUDWH LQWDFW '1$ IURP GDPDJHG
IUDJPHQWV )ROORZLQJ HOHFWURSKRUHVLV VDPSOHV ZHUH WKHQ VWDLQHG ZLWK D 9LVWD *UHHQ
'1$ G\H DQG YLVXDOL]HG E\ IOXRUHVFHQFH PLFURVFRS\ &HOOXODU '1$ GDPDJH LV
 
YLVXDOLVHGDV LWPLJUDWHV IXUWKHU WKDQ LQWDFW'1$DQGUHVXOWV LQDFRPHW WDLOVKDSH)RU
DVVHVVPHQWRIWKH&RPHWDVVD\FRPHWVZHUHVFRUHGSHUFRQGLWLRQDQG,PDJH-ZDV
XVHGWRTXDQWLI\WKHLQWHQVLW\DQGVFRUHWKHFRPHWVXVLQJWKHIROORZLQJFDOFXODWLRQ7DLO
'1$ ;7DLO'1$,QWHQVLW\&HOO'1$LQWHQVLW\
฀ 
(VWLPDWLRQRIR[RG*OHYHOV
$FRPPHUFLDOO\DYDLODEOH(/,6$NLW IURP&HOO%LRODEV 67$ZDVXVHG WRPHDVXUH
OHYHOV RI ฀฀R[RG* $OWKRXJK WKLV R[RG* (/,6$ KDV SRWHQWLDO VKRUWFRPLQJV IRU WKH
SUHFLVH TXDQWLILFDWLRQ RI R[RG* OHYHOV LW DOORZV DQ HVWLPDWLRQ RI WKH FKDQJH RI 
R[RG*OHYHOVXSRQWULDPWHUHQHWUHDWPHQW*HQRPLF'1$ZDVH[WUDFWHGXVLQJWKH4,DPS
'1$ LVRODWLRQ NLW 4LDJHQ GLJHVWHG ZLWK QXFOHDVH 3 WUHDWHG ZLWK FDOI LQWHVWLQDO
SKRVSKDWDVH DQG GHQDWXUHG 7R DYRLG DUWLIDFWXDO SURGXFWLRQ RI R[RG* ZH XVHG D
SKHQROIUHH PHWKRG RI '1$ LVRODWLRQ DQG '1$ ZDV FRPSOHWHO\ GLJHVWHG 7KH DVVD\V
ZHUHSHUIRUPHGDFFRUGLQJWRWKHPDQXIDFWXUHU
VLQVWUXFWLRQV%ULHIO\(?J'1$IURP
XQWUHDWHG DQG WUHDWHG FHOOV RU WKH ฀฀R[RG* VWDQGDUG ±(?QJPO ZDV LQFXEDWHG
ZLWKDQ฀฀R[RG*PRQRFORQDODQWLERG\ LQDQ฀฀R[RG*SUHFRDWHGPLFURWLWHUSODWH7KH
DVVD\ ZDV QRUPDOL]HG E\ XVLQJ DQ HTXDO DPRXQW RI '1$ IRU HDFK VDPSOH 6WDQGDUG
FXUYHVZHUHFDOFXODWHGZLWK VHULDO GLOXWLRQVRI฀฀R[RG*VWDQGDUG WR FDOFXODWH UHDFWLRQ
HIILFLHQF\6DPSOHVZHUHDVVD\HGLQWULSOLFDWH

'HWHFWLRQRIγ+$;)RFLE\LPPXQRIOXRUHVFHQFH
&HOOV ZHUH VHHGHG RQWR SRO\O\VLQH FRDWHG FRYHUVOLSV DQG WUHDWHG ZLWK GUXJV DV
LQGLFDWHG$IWHUKUVWUHDWPHQWFHOOVZHUHIL[HGIRUPLQZLWK3)$LQ3%6&HOOV
ZHUH WKHQ SHUPHDELOL]HG ZLWK 7ULWRQ EORFNHG IRU  K DW URRP WHPSHUDWXUH DQG
VXEVHTXHQWO\ LQFXEDWHGZLWKγ+$;DQWLERG\0LOOLSRUHIRUKDW &7KLV
 
ZDV IROORZHG E\ LQFXEDWLRQ ZLWK DQWL,J*$OH[D $ ,QYLWURJHQ &RYHUVOLSV
ZHUH WKHQ ZDVKHG LQ  '$3,; 3%6 DQG PRXQWHG ZLWK 3UR/RQJ JROG DQWLIDGH
PRXQWLQJ VROXWLRQ ,QYLWURJHQ 6OLGHV ZHUH LPDJHG XVLQJ D =HLVV /60  FRQIRFDO
PLFURVFRSH 3HU FRQGLWLRQ D PLQLPXP RI  FHOOV ZHUH FRXQWHG DQG TXDQWLILHG IRU
Ȗ+$;SRVLWLYHFHOOV!IRFLSHUQXFOHXV

6WDWLVWLFDODQDO\VLV
8QOHVV RWKHUZLVH VWDWHG GDWD UHSUHVHQW VWDQGDUG HUURU RI WKH PHDQ RI DW OHDVW WKUHH
LQGHSHQGHQWH[SHULPHQWV7KHWZRWDLOHGSDLUHG6WXGHQW¶VWWHVWZDVXVHGWRGHWHUPLQH
VWDWLVWLFDO VLJQLILFDQW ZLWK S UHJDUGHG DV VLJQLILFDQW )RU FRQIRFDO H[SHULPHQWV
LPDJHVDUHUHSUHVHQWDWLYHRIDWOHDVWWKUHHLQGHSHQGHQWH[SHULPHQWVZKHUHDPLQLPXP
RIFHOOVZHUHDQDO\]HG

5HVXOWV
005GHILFLHQF\LQFUHDVHVWKHWR[LFLW\RIWULDPWHUHQHLQDUDQJHRIWXPRUGHULYHG
FHOOOLQHV
7R LGHQWLI\ FRPSRXQGV WKDW FDQ VHQVLWL]H 005GHILFLHQW FHOOV ZH VFUHHQHG D ODUJH
SDQHORIFHOOOLQHVZLWKDUDQJHRIGLIIHUHQW005JHQHPXWDWLRQVIURPDQXPEHURIWXPRU
W\SHV 7KHVH LQFOXGHG WKH 06+GHILFLHQW FRORUHFWDO FDQFHU FHOO OLQH '/' DQG LWV
LVRJHQLF06+SURILFLHQW'/'&KUFHOO OLQH)LJXUH$WKHSUHYLRXVO\FKDUDFWHUL]HG
WHPR]RORPLGHUHVLVWDQW 06+GHILFLHQW 875 *%0 FHOO OLQH DQG WKH LVRJHQLF
06+SURILFLHQW8FHOOOLQH)LJXUH%5, 16DQGDSDQHORIHQGRPHWULDOFDQFHUFHOO
OLQHV ./( 005SURILFLHQW 0)( 005SURILFLHQW 0)( 0/+GHILFLHQW
,6+,.$:$0/+GHILFLHQWDQG+(&%06+GHILFLHQW)LJXUH&

 
%DVHG RQ WKH FRQFHSW RI GUXJ UHSRVLWLRQLQJ RI LGHQWLI\LQJ SUHYLRXVO\ DSSURYHG
FRPSRXQGV IRU QHZ FOLQLFDO LQGLFDWLRQV FHOOV ZHUH VFUHHQHG LQ WKH SUHVHQFH RI HLWKHU
YHKLFOH '062 RU D FRPSRXQG OLEUDU\ FRPSULVLQJ  )'$DSSURYHG GUXJV 7KLV
DSSURDFKDLPHGWRLGHQWLI\FRPSRXQGVZLWKSUHYLRXVXQNQRZQSRWHQWLDOIRUUHSXUSRVLQJ
DV 005VHOHFWLYH GUXJV $QDO\VLV RI RXU VFUHHQV UHYHDOHG WKDW WKH SRWDVVLXPVSDULQJ
GLXUHWLF FRPSRXQG 7ULDPWHUHQH ZDV D SURPLVLQJ FDQGLGDWH IRU D QHZ 005VHOHFWLYH
GUXJ 9DOLGDWLRQ H[SHULPHQWV UHYHDOHG WKDW DOWKRXJK WKH VHQVLWL]DWLRQ ZDV YDULDEOH
GHSHQGLQJ RQ WKH 005GHIHFW KRZHYHU ZKHQ FRPSDUHG WR WKH 005SURILFLHQW FHOOV
WUHDWPHQWZLWK7ULDPWHUHQHLQGXFHGWR[LFLW\RYHUDUDQJHRIFRQFHQWUDWLRQVVSHFLILFDOO\LQ
005GHILFLHQWFHOOV)LJXUH')7ULDPWHUHQHDOVRFDXVHGVHQVLWLYLW\LQ005GHILFLHQW
FHOOVLQFRPSDULVRQWR005SURILFLHQWFHOOVLQDFORQRJHQLFVXUYLYDODVVD\)LJXUH*

7R IXUWKHU LQYHVWLJDWH WKLV VHOHFWLYLW\ IRU005GHILFLHQF\ZHPHDVXUHGFHOO YLDELOLW\RI
WKH0/+GHILFLHQWFRORUHFWDOFDQFHUFHOO OLQH+&7DQG LWV LVRJHQLFPDWFKHGSDLUHG
0/+SURILFLHQW FHOO OLQH +&7&KU ZKHQ WUHDWHG ZLWK 7ULDPWHUHQH )LJXUH +
6LJQLILFDQWO\7ULDPWHUHQHDOVR LQGXFHGVHOHFWLYLW\ LQ WKH0/+GHILFLHQW+&7FHOOV
EXW QRW LQ 0/+SURILFLHQW FHOOV 6LJQLILFDQWO\ ZH REVHUYHG VHOHFWLYLW\ LQ DOO 005
GHILFLHQWFHOOOLQHVWHVWHGUHJDUGOHVVRI005PXWDWLRQRUWXPRUW\SHZKLOHQRVLJQLILFDQW
HIIHFWZDVREVHUYHGLQ005SURILFLHQWFHOOV7KLVVXJJHVWVWKDW7ULDPWHUHQHLVVHOHFWLYH
ZLWK ORVVRI005SDWKZD\ IXQFWLRQDQGPD\SURYLGHDQRYHO WKHUDSHXWLF VWUDWHJ\ LQD
ZLGHUDQJHRIFDQFHUV

7ULDPWHUHQH F\WRWR[LFLW\ RFFXUV WKURXJK LWV DQWLIRODWH DFWLYLW\ DQG UHTXLUHV
WK\PLG\ODWHV\QWKDVHH[SUHVVLRQ
3UHYLRXV VWXGLHV KDYH VKRZQ WKDW 7ULDPWHUHQH FDQ DFW DV ERWK DQ LQKLELWRU RI WKH
HSLWKHOLDO VRGLXP FKDQQHO (1D& 17 DQG DOVR DV DQ DQWLIRODWH 18 7KHUHIRUH WR
 
GHWHUPLQHWKHPHFKDQLVPXQGHUO\LQJWKHREVHUYHG7ULDPWHUHQHLQGXFHGF\WRWR[LFLW\ZLWK
005GHILFLHQF\ZHSHUIRUPHGVL51$PHGLDWHGGHSOHWLRQRIDSDQHORI(1D&LVRIRUPV
αβ	γSUHYLRXVO\VXJJHVWHGWREHLQKLELWHGE\7ULDPWHUHQHDQGDQDO\]HGFHOOYLDELOLW\
)LJXUH$:HREVHUYHGQRGLIIHUHQWLDOF\WRWR[LFLW\XSRQWDUJHWLQJWKH(1D&LVRIRUPV
HLWKHUDORQHRULQFRPELQDWLRQZKLFKVXJJHVWVWKDWWKHREVHUYHGVHOHFWLYLW\LVQRWGXHWR
(1D&LQKLELWLRQ:HQH[WGHWHUPLQHGZKHWKHU7ULDPWHUHQHPHGLDWHGVHOHFWLYLW\ZDVGXH
WRLWVDQWLIRODWHDFWLYLW\7RWKLVHQGZHPHDVXUHGWKHFHOOYLDELOLW\RI005GHILFLHQWDQG
SURILFLHQW FHOOV WUHDWHG ZLWK IRODWHV GLK\GURIRODWH DQG WHWUDK\GURIRODWH LQ DGGLWLRQ WR
7ULDPWHUHQH:HREVHUYHGWKDWWKHVHOHFWLYLW\RI7ULDPWHUHQHIRU005GHILFLHQF\FRXOG
EH UHVFXHG E\ WKH DGGLWLRQ RI IRODWHV )LJXUH % 	 & WKHUHIRUH VXJJHVWLQJ WKDW
7ULDPWHUHQHLVVHOHFWLYHWKURXJKLWVDQWLIRODWHDFWLYLW\

7RIXUWKHUDQDO\]HWKHDQWLIRODWHHIIHFWRI7ULDPWHUHQHZHDQDO\]HGWKHUHTXLUHPHQWIRU
WK\PLG\ODWH V\QWKDVH LQ 7ULDPWHUHQHPHGLDWHG VHOHFWLYLW\ 7K\PLG\ODWH V\QWKDVH LV WKH
RQO\de novoHQ]\PHIRUG703V\QWKHVLV,WFDWDO\]HVWKHUHGXFWLYHWUDQVIHURIDPHWK\O
JURXS IURP 11PHWK\OHQHWHWUDK\GURIRODWH &+7+) WR G803 IRUPLQJ G703 DQG
GLK\GURIRODWH'+)2XUUHVXOWVVXJJHVWWKDWWK\PLG\ODWHV\QWKDVHSURWHLQH[SUHVVLRQLV
QRW DOWHUHG XSRQ 7ULDPWHUHQH WUHDWPHQW )LJXUH ' +RZHYHU VLOHQFLQJ WK\PLG\ODWH
V\QWKDVHE\VL51$SUHYHQWV7ULDPWHUHQHLQGXFHGOHWKDOLW\LQ005GHILFLHQWFHOOV)LJXUH
(	)6XSSOHPHQWDU\)LJXUH$7KHVH UHVXOWV VXJJHVW WKDW WK\PLG\ODWH V\QWKDVH
H[SUHVVLRQLVQHFHVVDU\IRUWKH7ULDPWHUHQHPHGLDWHGVHOHFWLYLW\LQ005GHILFLHQWFHOOV
)XUWKHUPRUHWUHDWPHQWZLWKWKHFOLQLFDOO\DSSURYHGWK\PLG\ODWHV\QWKDVHLQKLELWRUV)8
DQG 5DOWLWUH[HG DOVR UHVFXHG WKH 7ULDPWHUHQHLQGXFHG F\WRWR[LFLW\ LQ 005GHILFLHQW
FHOOV6XSSOHPHQWDU\)LJXUH%7DNHQWRJHWKHURXUUHVXOWVVXJJHVWWKDW7ULDPWHUHQH
LQGXFHGVHOHFWLYLW\ LVGXHWR WKHDQWLIRODWHDFWLYLW\RI7ULDPWHUHQHDQG LVGHSHQGHQWRQ
WK\PLG\ODWHV\QWKDVHH[SUHVVLRQ
 

7ULDPWHUHQHLQGXFHGF\WRWR[LFLW\GHSHQGVRQLQFUHDVHG526OHYHOV
,WKDVSUHYLRXVO\EHHQVKRZQWKDWIRODWHVWDUYDWLRQFDQLQFUHDVH526OHYHOVOHDGLQJWR
FHOOXODU R[LGDWLYH VWUHVV 19 2XU SUHYLRXV VWXGLHV KDYH VKRZQ WKDW DQ LQFUHDVH LQ
R[LGDWLYHVWUHVVLVV\QWKHWLFDOO\OHWKDOZLWK005GHILFLHQF\9, 10, 14, 157KHUHIRUHZH
LQYHVWLJDWHG ZKHWKHU 7ULDPWHUHQH FDQ LQGXFH DQ LQFUHDVH LQ 526 OHYHOV GXH WR IRODWH
LQKLELWLRQ LQ005GHILFLHQWDQGSURILFLHQWFHOOV7R WKLVHQGZH WUHDWHG005GHILFLHQW
DQGSURILFLHQWFHOOVZLWK LQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQHDQGPHDVXUHG526
OHYHOV )LJXUH $ 	 % 2XU UHVXOWV VKRZ D JUHDWHU LQFUHDVH LQ WKH OHYHO RI 526 LQ
7ULDPWHUHQHWUHDWHG 005GHILFLHQW FHOOV LQ FRPSDULVRQ WR 005SURILFLHQW FHOOV 7R
IXUWKHULQYHVWLJDWHLIWKLVLQFUHDVHLQ526OHYHOVLQ005GHILFLHQWFHOOVZDVUHVSRQVLEOH
IRU 7ULDPWHUHQH VHOHFWLYLW\ ZH WUHDWHG FHOOV ZLWK 7ULDPWHUHQH DORQH RU LQ FRPELQDWLRQ
ZLWK WKH526VFDYHQJHU1DFHW\OF\VWHLQH 1$&)LJXUH&2XU UHVXOWVGHPRQVWUDWH
WKDW WKH 7ULDPWHUHQHLQGXFHG VHOHFWLYLW\ LQ 005GHILFLHQW FHOOV FDQ EH UHVFXHG E\
DGGLWLRQ RI 1$& ZKLFK VXJJHVWV WKDW LQFUHDVHG 526 OHYHOV DUH DW OHDVW LQ SDUW WKH
PHFKDQLVPRIWR[LFLW\XSRQ7ULDPWHUHQHWUHDWPHQW2XUGDWDLQGLFDWHVWKHLPSRUWDQFHRI
WK\PLG\ODWHV\QWKDVHH[SUHVVLRQLQWULDPWHUHQHLQGXFHGVHOHFWLYLW\7RIXUWKHULQYHVWLJDWH
WKLV ZH DQDO\]HG 526 OHYHOV XSRQ WK\PLG\ODWH V\QWKDVH VLOHQFLQJ DQG 7ULDPWHUHQH
WUHDWPHQW )LJXUH ' 	 ( ,QWHUHVWLQJO\ ZH REVHUYHG WKDW VLOHQFLQJ WK\PLG\ODWH
V\QWKDVH E\ VL51$ SUHYHQWV WKH 7ULDPWHUHQHLQGXFHG LQFUHDVH LQ 526 OHYHOV 7KHVH
UHVXOWVVXJJHVW WKDW WK\PLG\ODWHV\QWKDVH LVUHTXLUHGIRU526DFFXPXODWLRQ OHDGLQJWR
7ULDPWHUHQHF\WRWR[LFLW\

2XU UHVXOWV VXJJHVW WKDW 005GHILFLHQW FHOOV KDYH UHGXFHG FHOOXODU YLDELOLW\ XSRQ
7ULDPWHUHQH WUHDWPHQW 7R LQYHVWLJDWH WKH PHFKDQLVP RI WKLV VHOHFWLYLW\ IXUWKHU ZH
VWDLQHG FHOOV EHIRUH DQG DIWHU 7ULDPWHUHQH WUHDWPHQW ZLWK SURSLGLXP LRGLGH DQG
 
PHDVXUHG FHOOV E\ IORZ F\WRPHWU\ WR GHWHUPLQH ZKLFK SKDVH RI WKH FHOO F\FOH WKH\
DFFXPXODWHG LQDIWHU WUHDWPHQW)LJXUH$ ,QWHUHVWLQJO\RXU UHVXOWVVXJJHVW WKDWXSRQ
7ULDPWHUHQH WUHDWPHQW005GHILFLHQWFHOOVDUUHVW LQ WKH*0SKDVHRI WKHFHOO F\FOH
FRUUHVSRQGLQJWRWKHUHGXFHGFHOOXODUYLDELOLW\ZHREVHUYHG$Q LQFUHDVHLQ526OHYHOV
FDQOHDGWRFHOOXODU'1$GDPDJHLQFOXGLQJ'1$VLQJOHVWUDQGEUHDNVDONDOLODELOHVLWHV
R[LGDWLYH'1$GDPDJHDQGXOWLPDWHO\DQLQFUHDVHLQ'1$GRXEOHVWUDQGEUHDNV'6%
WKHUHE\ WULJJHULQJ FHOO F\FOH DUUHVW 7R DVVHVV LI 7ULDPWHUHQH LQGXFHV'1$ GDPDJH LQ
005GHILFLHQW FHOOV ZH PHDVXUHG FHOOXODU '1$ GDPDJH LQFOXGLQJ '1$ IUDJPHQWDWLRQ
DQG'1$VWUDQGEUHDNVXVLQJWKHFRPHWDVVD\)LJXUH%7UHDWPHQWZLWK7ULDPWHUHQH
UHVXOWHG LQ DQ LQFUHDVH LQ '1$ GDPDJH LQ WKH 005GHILFLHQW FHOOV RQO\ 7R IXUWKHU
LQYHVWLJDWH WKH W\SH RI '1$ GDPDJH LQGXFHG ZH PHDVXUHG DFFXPXODWLRQ RI WKH
R[LGDWLYH '1$ OHVLRQ 2[R
GHR[\JXDQRVLQH ฀฀R[RG* XVLQJ DQ (/,6$ DVVD\
)LJXUH & :H REVHUYHG D VLJQLILFDQW LQFUHDVH LQ ฀฀R[RG* '1$ OHVLRQV LQ WKH
7ULDPWHUHQHWUHDWHG 005GHILFLHQW FHOOV RQO\ 7R GHWHUPLQH ZKHWKHU WKLV R[LGDWLYHO\
GDPDJHG '1$ UHVXOWHG LQ '1$ GRXEOH VWUDQG EUHDNV WULJJHULQJ FHOO F\FOH DUUHVW ZH
PHDVXUHGȖ+$;IRFLDPDUNHUIRU'1$'6%VE\FRQIRFDOPLFURVFRS\)LJXUH$'
7UHDWPHQWZLWK7ULDPWHUHQH LQGXFHGDQ LQFUHDVH LQȖ+$;IRFL LQ005GHILFLHQWFHOOV
ZKLFK FDQ EH UHVFXHG E\ DGGLWLRQ RI WKH 526 VFDYHQJHU 1$& 7DNHQ WRJHWKHU RXU
UHVXOWVVXJJHVWWKDW7ULDPWHUHQHWUHDWPHQWOHDGVWRDQLQFUHDVHLQ526OHYHOVLQ005
GHILFLHQWFHOOVZKLFKXOWLPDWHO\ OHDGVWRDQLQFUHDVHLQR[RG*'1$OHVLRQVDQG'1$
'6%VUHVXOWLQJLQFHOOF\FOHDUUHVW)LJXUH'

7ULDPWHUHQHFDQUHVHQVLWL]H005GHILFLHQWFHOOVin vivo
7RH[DPLQH WKH in vivo HIILFDF\RI7ULDPWHUHQH WKH005GHILFLHQWDQG005SURILFLHQW
'/' DQG '/'&KU UHVSHFWLYHO\ FRORUHFWDO FDQFHU FHOOV ZHUH LQMHFWHG
VXEFXWDQHRXVO\ LQWR12'6&,'PLFH;HQRJUDIWHGPLFHZHUHVXEMHFWHGWR WUHDWPHQW
 
WLPHVDZHHNZLWK7ULDPWHUHQHRUYHKLFOH 3%6:HREVHUYHG WKDW WXPRUJURZWK IURP
WKH 005GHILFLHQW [HQRJUDIWV ZDV VLJQLILFDQWO\ UHGXFHG S  E\ 7ULDPWHUHQH
WUHDWPHQW ZKHQ FRPSDUHG WR YHKLFOH )LJXUH $ ,Q DGGLWLRQ QR GLIIHUHQFH LQ WXPRU
JURZWKZDVREVHUYHGLQWKH7ULDPWHUHQHWUHDWHG005SURILFLHQW[HQRJUDIWWXPRUVZKHQ
FRPSDUHG WR YHKLFOH IXUWKHU YDOLGDWLQJ 7ULDPWHUHQH DV D FRPSRXQG WKDW VSHFLILFDOO\
WDUJHWVFDQFHUFHOOVZLWKGHILFLHQW005SDWKZD\V)LJXUH%7DNHQWRJHWKHUWKHVH in 
vivoREVHUYDWLRQVIXUWKHULQGLFDWHWKDW7ULDPWHUHQHWUHDWPHQWKDVSRWHQWLDOFOLQLFDOXWLOLW\
LQSDWLHQWVZLWK005GHILFLHQWIRUZKLFKWKHUDSHXWLFRSWLRQVDUHVFDUFH

',6&866,21
7KURXJKDFRPSRXQGVFUHHQZH LGHQWLILHG WKHGLXUHWLFGUXJ7ULDPWHUHQHDVDQ in vitro
DQG in vivoVHOHFWLYHFRPSRXQGZLWK005GHILFLHQF\&ROOHFWLYHO\RXUGDWDDUJXHVWKDW
VWUDWLI\LQJSDWLHQWVDFFRUGLQJWRWKHLU005VWDWXVZRXOGSURYHHIILFDFLRXVZLWKUHJDUGVWR
WUHDWPHQW ZLWK 7ULDPWHUHQH )XUWKHUPRUH RXU GDWD VXJJHVWV WKDW OHYHOV RI WK\PLG\ODWH
V\QWKDVH JRYHUQ VHQVLWLYLW\ WR 7ULDPWHUHQH LQ 005GHILFLHQW FHOOV 8SRQ WK\PLG\ODWH
V\QWKDVHLQKLELWLRQWUHDWPHQWZLWK7ULDPWHUHQHZDVQRORQJHUVHOHFWLYHVXJJHVWLQJWKDW
WK\PLG\ODWHV\QWKDVHOHYHOVGHWHUPLQHWKHEDODQFHEHWZHHQ7ULDPWHUHQHUHVLVWDQFHDQG
VHQVLWLYLW\LQWKHVHFHOOV2XUGDWDVXJJHVWWKDWIRODWHLQKLELWLRQDQGWK\PLG\ODWHV\QWKDVH
DUH FULWLFDO IRU WKH WULDPWHUHQH VHOHFWLYLW\ LQ 005GHILFLHQW FHOOV KRZHYHU ZH FDQQRW
H[FOXGHWKHIDFWWKDWRWKHUSDWKZD\VPD\DOVREHLQIOXHQFLQJWKLVHIIHFWDWOHDVWLQSDUW
2QH RI WKH PRVW LQWULJXLQJ ILQGLQJV IURP WKLV ZRUN LV WKH UHTXLUHPHQW IRU WK\PLG\ODWH
V\QWKDVH IRU WKH LQGXFWLRQ RI 526 XSRQ 7ULDPWHUHQH WUHDWPHQW ,W LV OLNHO\ GXH WR DQ
DFWLYLW\RIWK\PLG\ODWHV\QWKDVHLQWKHDEVHQFHRIVXIILFLHQWOHYHOVRIPHWK\OGRQRU&+
7+) WKXV OHDGLQJ WR 526฀ ,W ZRXOG EH LQWHUHVWLQJ WR XQGHUVWDQG ZKHWKHU WK\PLG\ODWH
V\QWKDVH LV UHJXODWLQJ 526 OHYHOV WKURXJK 1$3'+ R[LGDVH FRPSOH[HV RU SURYLGLQJ
SURWHFWLRQDJDLQVW526SURGXFWLRQWKURXJKWKHDQWLR[LGDQWUHVSRQVH1XPHURXVVWXGLHV
 
KDYH LQYHVWLJDWHG 526 LQGXFWLRQ XSRQ WUHDWPHQW ZLWK WK\PLG\ODWH V\QWKDVH LQKLELWRUV
EXW WR RXU NQRZOHGJH QR VWXG\ KDV LGHQWLILHG D UROH IRU WK\PLG\ODWH V\QWKDVH LQ WKH
UHJXODWLRQ RI 526 OHYHOV 3UHYLRXVO\ DQWLIRODWH DJHQWV WDUJHWLQJ WKH IRODWH PHWDEROLF
HQ]\PHGLK\GURIRODWH UHGXFWDVH '+)5VXFKDVPHWKRWUH[DWHDQGSHPHWUH[HGZHUH
LGHQWLILHGDVF\WRWR[LF LQ06+GHILFLHQWFHOOVEXWQRW LQRWKHU005GHILFLHQWFHOO OLQHV
9, 20 3HUKDSV WKLV LV GXH WR WKH JHQHUDWLRQ RI VSHFLILF '1$ OHVLRQV XSRQ '+)5
LQKLELWLRQ LQ 06+GHILFLHQW FHOOV UDWKHU WKDQ D PRUH JHQHUDO LQKLELWLRQ RI IRODWH
PHWDEROLVP XSRQ 7ULDPWHUHQH WUHDWPHQW 7DNHQ WRJHWKHU WKHVH GDWD DOVR VXJJHVW D
SRWHQWLDOGLIIHUHQFHLQWKHIRODWHPHWDEROLFSDWKZD\LQ005GHILFLHQWDQGSURILFLHQWFHOO
OLQHV

$Q LQFUHDVH LQ 526 OHYHOV FDQ OHDG WR FHOOXODU '1$ GDPDJH LQFOXGLQJ '1$
IUDJPHQWDWLRQR[LGDWLYH'1$GDPDJHDQGXOWLPDWHO\DQLQFUHDVHLQ'1$GRXEOHVWUDQG
EUHDNV'6%WKHUHE\WULJJHULQJFHOOF\FOHDUUHVW:HREVHUYHGDVLJQLILFDQWLQFUHDVHLQ
FHOOXODU'1$GDPDJHDQGPRUHVSHFLILFDOO\R[RG*'1$ OHVLRQV LQ WKH7ULDPWHUHQH
WUHDWHG 005GHILFLHQW FHOOV RQO\ 2XU GDWD VXJJHVW WKDW WKHVH OHVLRQV LI LQFRPSOHWHO\
UHSDLUHG FDQ LQGXFH '1$ '6%V ZKLFK XOWLPDWHO\ UHVXOW LQ WKH FHOO F\FOH DUUHVW DQG
UHGXFHGFHOOXODUYLDELOLW\ZHREVHUYH

:H DQG RWKHUV KDYH IRFXVHG ODUJHO\ RQ WDUJHWLQJ ORVV RI '1$ UHSDLU LQ WXPRU FHOOV
+RZHYHUUHFHQWDGYDQFHVLQGLFDWHWKDWWDUJHWLQJERWKWKHWXPRUFHOODQGLWVLQWHUDFWLRQ
ZLWK WKH LPPXQH PLFURHQYLURQPHQW PD\ VLJQLILFDQWO\ LPSURYH SDWLHQW EHQHILW $ UHFHQW
3KDVH,,FOLQLFDOWULDOLQSDWLHQWVZLWKGHILFLHQF\LQWKH005SDWKZD\LQGLFDWHGWKDW005
VWDWXV SUHGLFWHG FOLQLFDO EHQHILW ZLWK WKH 3' LQKLELWRU SHPEUROL]XPDE 21 +RZHYHU
RQO\  RI 005GHILFLHQW SDWLHQWV UHVSRQGHG WR SHPEUROL]XPDE VXJJHVWLQJ WKDW
VHOHFWLYHO\ WDUJHWLQJ 005GHILFLHQW WXPRU FHOOV ZLWK IRU H[DPSOH 7ULDPWHUHQH LQ
 
FRPELQDWLRQ ZLWK LPPXQH FKHFNSRLQW LQKLELWRUV PD\ LQFUHDVH WKHUDSHXWLF HIILFDF\ DQG
PD\SURYHWREHPRUHFOLQLFDOO\EHQHILFLDO

,QWKLVVWXG\ZHH[SORLW WKHFRQFHSWRIGUXJUHSXUSRVLQJZKLFKLVWKHGLVFRYHU\RIQHZ
LQGLFDWLRQVIRUH[LVWLQJGUXJVWRLGHQWLI\QRYHOVHOHFWLYHGUXJVIRUWKHWUHDWPHQWRI005
GHILFLHQW WXPRUV 5HSRVLWLRQLQJ RI GUXJV KLJKOLJKWV DQ LQFUHDVLQJO\ HIIHFWLYH PHDQV RI
GUXJ GLVFRYHU\ ,Q DGGLWLRQ WR WKH UHGXFHG FRVW DQG WLPH FRPPRQO\ DVVRFLDWHG ZLWK
WUDGLWLRQDOGUXJGLVFRYHU\WKHDGYDQWDJHRIGUXJUHSRVLWLRQLQJVWUDWHJLHVLVWKHIDFWWKDW
H[LVWLQJGUXJVKDYHDOUHDG\EHHQXVHGLQSDWLHQWVDQGWKHUHIRUHWKHLUWR[LFLW\DQGVDIHW\
SURILOHV DUH DOUHDG\ HVWDEOLVKHG +HQFH GUXJV LGHQWLILHG LQ GUXJ UHSRVLWLRQLQJ
DSSURDFKHVFDQHQWHUFOLQLFDOWULDOVUDSLGO\WKHUHE\PD[LPL]LQJWKHLUSRWHQWLDOEHQHILWWR
SDWLHQWV+HUHZHKDYHVKRZQIRUWKHILUVWWLPHWKDW7ULDPWHUHQHRULJLQDOO\GHYHORSHGDV
DGLXUHWLFKDVDQWLWXPRUDFWLYLW\DQGZHSURYLGHHYLGHQFHRI LWVHIILFDF\ LQD UDQJHRI
005GHILFLHQWWXPRUW\SHV
*UDQWVXSSRUW
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 +R 3, $VKOLQH ' 'KLWDYDW 6 2UWL] ' &ROOLQV 6& 6KHD 7% HW DO )RODWH
GHSULYDWLRQ LQGXFHV QHXURGHJHQHUDWLRQ UROHV RI R[LGDWLYH VWUHVV DQG LQFUHDVHG
KRPRF\VWHLQHNeurobiol Dis
 7XQJ&/&KLX+&-LDQ<--LDQ<7&KHQ&<6\X-- HWDO.'RZQUHJXODWLRQRI
06+ H[SUHVVLRQ E\ DQ +VS LQKLELWRU HQKDQFHV SHPHWUH[HGLQGXFHG
F\WRWR[LFLW\ LQ KXPDQ QRQVPDOOFHOO OXQJ FDQFHU FHOOV Exp Cell Res

 /H '7 8UDP -1 :DQJ + %DUWOHWW %5 .HPEHUOLQJ + (\ULQJ $' HW DO 3'
%ORFNDGH LQ 7XPRUV ZLWK 0LVPDWFK5HSDLU 'HILFLHQF\ N Engl J Med

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),*85(/(*(1'6
),*85(7ULDPWHUHQHVHQVLWL]HV005GHILFLHQWFHOOV
$:HVWHUQEORW DQDO\VLV RI SURWHLQ O\VDWHV IURP'/'DQG'/'&KU FHOOV3URWHLQ
H[SUHVVLRQZDVPHDVXUHGXVLQJ06+DQGȕDFWLQDQWLERGLHVȕDFWLQZDVXVHGDVD
ORDGLQJFRQWURO
% :HVWHUQ EORW DQDO\VLV RI SURWHLQ O\VDWHV IURP 8 DQG 875 FHOOV 3URWHLQ
H[SUHVVLRQZDVPHDVXUHGXVLQJ06+DQGȕDFWLQDQWLERGLHVȕDFWLQZDVXVHGDVD
ORDGLQJFRQWURO
&:HVWHUQEORWDQDO\VLVRISURWHLQO\VDWHVIURPDSDQHORI005SURILFLHQW./(0)(
 DQG 005GHILFLHQW $1&$ 0)( ,6+,.$:$ +(&% +(& 5/
HQGRPHWULDO FDQFHU FHOO OLQHV 3URWHLQ H[SUHVVLRQ ZDV PHDVXUHG XVLQJ LQGLFDWHG
DQWLERGLHVȕWXEXOLQZDVXVHGDVDORDGLQJFRQWURO
' 06+SURILFLHQW '/'&KU DQG 06+GHILFLHQW '/' FRORUHFWDO FHOO OLQHV ZHUH
WUHDWHGZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH0000	
0 $IWHU  GD\V WUHDWPHQW FHOO YLDELOLW\ ZDV PHDVXUHG XVLQJ DQ $73EDVHG
OXPLQHVFHQFHDVVD\
( 06+SURILFLHQW 8 DQG 06+GHILFLHQW 875 FHOOV ZHUH WUHDWHG ZLWK
LQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH000	0$IWHUGD\V
WUHDWPHQWFHOOYLDELOLW\ZDVPHDVXUHGXVLQJDQ$73EDVHGOXPLQHVFHQFHDVVD\
)$SDQHORI005SURILFLHQW ./(0)(DQG005GHILFLHQW $1&$0)(
,6+,.$:$ +(&% +(& 5/ HQGRPHWULDO FDQFHU FHOO OLQHV ZHUH WUHDWHG ZLWK
LQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH  000 	0$IWHU 
GD\VWUHDWPHQWFHOOYLDELOLW\ZDVPHDVXUHGXVLQJDQ$73EDVHGOXPLQHVFHQFHDVVD\
* 06+SURILFLHQW '/'&KU DQG 06+GHILFLHQW '/' FRORUHFWDO FHOO OLQHV ZHUH
WUHDWHG ZLWK 7ULDPWHUHQH   0 	  0 $IWHU  GD\V WUHDWPHQW FHOO VXUYLYDO
ZDVPHDVXUHGE\FRXQWLQJVXOSKRUKRGDPLQH%VWDLQHGFRORQLHV
+ 0/+SURILFLHQW +&7&KU DQG 0/+GHILFLHQW +&7 FRORUHFWDO FDQFHU FHOO
OLQHVZHUHWUHDWHGZLWKLQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH000
0	0$IWHUGD\VWUHDWPHQWFHOOYLDELOLW\ZDVPHDVXUHGXVLQJDQ$73EDVHG
OXPLQHVFHQFHDVVD\
'+'DWDUHSUHVHQWPHDQ6(0RIWKUHHLQGHSHQGHQWH[SHULPHQWV

 
),*85(  7ULDPWHUHQH LV VHOHFWLYH YLD LWV DQWLIRODWH DFWLYLW\ DQG UHTXLUHV
WK\PLG\ODWHV\QWKDVHH[SUHVVLRQ
$ 06+SURILFLHQW 8 DQG 06+GHILFLHQW 875 *%0 FHOOV ZHUH WUDQVIHFWHG
ZLWK HLWKHU FRQWURO QRQWDUJHWLQJ VL51$ VL&75/ RU VL51$ WDUJHWLQJ WKH GLIIHUHQW
LVRIRUPV RI WKH HSLWKHOLDO VRGLXP FKDQQHO (1D& α, β & γ HLWKHU DORQH RU LQ
FRPELQDWLRQGD\VSRVW WUDQVIHFWLRQFHOOYLDELOLW\ZDVPHDVXUHGXVLQJDQ$73EDVHG
OXPLQHVFHQFHDVVD\
% 8 DQG 875 *%0 FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062 
7ULDPWHUHQH0'LK\GURIRODWH'+)07HWUDK\GURIRODWH7+)0DORQH
RUFRPELQDWLRQVRI'+)0RU7+)0ZLWK7ULDPWHUHQH0$IWHUGD\V
WUHDWPHQW FHOO YLDELOLW\ ZDV PHDVXUHG XVLQJ DQ $73EDVHG OXPLQHVFHQFH DVVD\
S
&'/'DQG'/'&KUFHOOVZHUHWUHDWHGZLWKHLWKHUPHGLDRU7ULDPWHUHQH0
DORQH RU LQ FRPELQDWLRQ ZLWK GLK\GURIRODWH '+)  0 RU WHWUDK\GURIRODWH 7+) 
0 $IWHU  GD\V WUHDWPHQW FHOO YLDELOLW\ ZDV PHDVXUHG XVLQJ DQ $73EDVHG
OXPLQHVFHQFHDVVD\S
':HVWHUQEORWDQDO\VLVRISURWHLQO\VDWHVIURP8DQG875FHOOVWUHDWHGZLWK
HLWKHU '062  RU 7ULDPWHUHQH  0 IRU  KUV 3URWHLQ H[SUHVVLRQ ZDV
DQDO\VHGXVLQJDQWL76WK\PLG\ODWHV\QWKDVHDQGȕDFWLQDQWLERGLHVȕDFWLQZDVXVHG
DVDORDGLQJFRQWURO
( 8 DQG 875 FHOOV ZHUH WUDQVIHFWHG ZLWK FRQWURO QRQWDUJHWLQJ VL51$
VL&75/ RU VL51$ WDUJHWLQJ WK\PLG\ODWH V\QWKDVH VL76 VL76 $IWHU  KUV FHOOV
ZHUHWUHDWHGZLWKHLWKHU'062RULQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH
0000	0$IWHUGD\VWUHDWPHQWFHOOYLDELOLW\ZDVPHDVXUHG
XVLQJDQ$73EDVHGOXPLQHVFHQFHDVVD\S S 
)'/'DQG'/'&KUFHOOVZHUHWUDQVIHFWHGZLWKHLWKHUFRQWUROQRQWDUJHWLQJVL51$
VL&75/ RU VL51$ WDUJHWLQJ WK\PLG\ODWH V\QWKDVH VL76 VL76 $IWHU  KUV FHOOV
ZHUHWUHDWHGZLWKHLWKHU'062RULQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH
0000	0$IWHUGD\VWUHDWPHQWFHOOYLDELOLW\ZDVPHDVXUHG
XVLQJDQ$73EDVHGOXPLQHVFHQFHDVVD\S

$&(	)'DWDUHSUHVHQWPHDQ6(0RIWKUHHLQGHSHQGHQWH[SHULPHQWV

),*85(7ULDPWHUHQHWUHDWPHQWLQGXFHV526LQ005GHILFLHQWFHOOV
 
$8DQG875*%0FHOOVZHUHWUHDWHGZLWKHLWKHU&RQWURO'062
0 RU  0 7ULDPWHUHQH $IWHU  KUV WUHDWPHQW 526 OHYHOV ZHUH PHDVXUHG E\
TXDQWLI\LQJWKHFRQYHUVLRQRI'&)'$LQWR'&)E\IOXRUHVFHQFH)OXRUHVFHQFHGDWDZHUH
QRUPDOL]HGWRFHOOYLDELOLW\S
%'/'DQG'/'&KUFHOOVZHUHWUHDWHGZLWKHLWKHU&RQWURO'0620
RU07ULDPWHUHQH$IWHUKUVWUHDWPHQW526OHYHOVZHUHPHDVXUHGE\TXDQWLI\LQJ
WKHFRQYHUVLRQRI'&)'$LQWR'&)E\IOXRUHVFHQFH)OXRUHVFHQFHGDWDZHUHQRUPDOL]HG
WRFHOOYLDELOLW\S
& '/' DQG '/'&KU FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062  RU
LQFUHDVLQJFRQFHQWUDWLRQVRI7ULDPWHUHQH0000	0DORQHRU
LQFRPELQDWLRQZLWKWKH526VFDYHQJHU1$FHW\OF\VWHLQH1$&PJP/$IWHUGD\V
WUHDWPHQW FHOO YLDELOLW\ ZDV PHDVXUHG XVLQJ DQ $73EDVHG OXPLQHVFHQFH DVVD\
S S
'8DQG875FHOOVZHUHWUDQVIHFWHGZLWKHLWKHUFRQWUROQRQWDUJHWLQJVL51$
VL&75/ RU VL51$ WDUJHWLQJ WK\PLG\ODWH V\QWKDVH VL76 VL76 $IWHU  K FHOOV
ZHUH WUHDWHGZLWKHLWKHU'062RU7ULDPWHUHQH 0$IWHUK WUHDWPHQW
526 OHYHOV ZHUH PHDVXUHG E\ TXDQWLI\LQJ WKH FRQYHUVLRQ RI '&)'$ LQWR '&) E\
IOXRUHVFHQFH)OXRUHVFHQFHGDWDZHUHQRUPDOL]HGWRFHOOYLDELOLW\S
( '/' DQG '/'&KU FHOOV ZHUH WUDQVIHFWHG ZLWK HLWKHU FRQWURO QRQWDUJHWLQJ
VL51$VL&75/RUVL51$WDUJHWLQJWK\PLG\ODWHV\QWKDVHVL76VL76$IWHUKUV
FHOOV ZHUH WUHDWHG ZLWK HLWKHU '062  RU 7ULDPWHUHQH  0 $IWHU  KUV
WUHDWPHQW526OHYHOVZHUHPHDVXUHGE\TXDQWLI\LQJWKHFRQYHUVLRQRI'&)'$LQWR'&)
E\IOXRUHVFHQFH)OXRUHVFHQFHGDWDZHUHQRUPDOL]HGWRFHOOYLDELOLW\S
$('DWDUHSUHVHQWPHDQ6(0RIWKUHHLQGHSHQGHQWH[SHULPHQWV

),*85(7ULDPWHUHQHWUHDWPHQWLQGXFHVFHOOXODU'1$GDPDJHDQG*0DUUHVWLQ
005GHILFLHQWFHOOV
$ '/' DQG '/'&KU FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062  RU
7ULDPWHUHQH0)$&6DQDO\VLVZDVSHUIRUPHGKDIWHU7ULDPWHUHQH WUHDWPHQW
'DWD ZDV QRUPDOL]HG WR LQLWLDO QXPEHUV RI FHOOV LQ WKH *0 SKDVH RI WKH FHOO F\FOH
$VVD\VZHUHSHUIRUPHGLQWULSOLFDWHDQGEDUFKDUWVKRZVWKHIROGFKDQJHLQFHOOVLQWKH
*0SKDVHRIWKHFHOOF\FOHLQHDFKFHOOOLQHS
% '/' DQG '/'&KU FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062  RU
7ULDPWHUHQH  0 $IWHU  K FHOOV ZHUH PL[HG ZLWK PROWHQ DJDURVH '1$ ZDV
 
GHQDWXUHGDQGHOHFWURSKRUHVHGLQDKRUL]RQWDOFKDPEHU6WDLQHG'1$ZDVYLVXDOL]HGE\
IOXRUHVFHQFHPLFURVFRS\&HOOXODU'1$GDPDJHZDVYLVXDOLVHGDVDFRPHW WDLO VKDSH
$VVD\VZHUHSHUIRUPHGLQWULSOLFDWHDQGEDUFKDUWVKRZVWKHRIWDLO'1$REVHUYHGLQ
HDFKFHOOOLQHS
& '/' DQG '/'&KU FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062  RU
7ULDPWHUHQH  0 $IWHU  K '1$ ZDV H[WUDFWHG DQG R[RG* ZDV TXDQWLILHG
DFFRUGLQJWRDVWDQGDUGFXUYH$VVD\VZHUHSHUIRUPHGLQWULSOLFDWHDQGEDUFKDUWVKRZV
WKHIROGFKDQJHLQR[RG*OHVLRQVLQHDFKFHOOOLQHS
'6FKHPDWLFPRGHORIWKHVHQVLWL]LQJHIIHFWRI7ULDPWHUHQHLQ005GHILFLHQWFHOOV

),*85(  7ULDPWHUHQH WUHDWPHQW LQGXFHV '1$ '6%V LQ 005GHILFLHQW FHOOV
ZKLFKFDQEHUHVFXHGE\DGGLWLRQRI1$FHW\OF\VWHLQH
$ 5HSUHVHQWDWLYH LPDJHV RI Ȗ+$; IRFL TXDQWLILHG E\ FRQIRFDO PLFURVFRS\ LQ 8
DQG 875 FHOOV XSRQ WUHDWPHQW ZLWK HLWKHU 3%6 RU 1$&  PJP/ DORQH RU LQ
FRPELQDWLRQ ZLWK '062  RU 7ULDPWHUHQH  0 1XFOHL DUH VKRZQ LQ EOXH
'$3,DQGȖ+$;IRFLDUHLQUHG
%'/'DQG'/'&KUFHOOVZHUHWUHDWHGZLWKHLWKHU3%6RU1$&PJP/DORQH
RU LQFRPELQDWLRQZLWK'062RU7ULDPWHUHQH 0$IWHUKUV WUHDWPHQW
FHOOVZHUHIL[HGVWDLQHGXVLQJDȖ+$;DQWLERG\DQG'$3,DQGREVHUYHGE\FRQIRFDO
PLFURVFRS\ 3HU FRQGLWLRQ D PLQLPXP RI  FHOOV ZHUH FRXQWHG DQG TXDQWLILHG IRU
Ȗ+$;SRVLWLYHFHOOV!IRFLSHUQXFOHXVS
& 8 DQG 875 FHOOV ZHUH WUHDWHG ZLWK HLWKHU &RQWURO '062 
7ULDPWHUHQH0RU1$&PJP/DORQHRULQFRPELQDWLRQ$IWHUKUVWUHDWPHQW
FHOOVZHUH IL[HGVWDLQHGXVLQJDȖ+$;DQWLERG\DQG'$3,DQGREVHUYHGE\FRQIRFDO
PLFURVFRS\ 3HU FRQGLWLRQ D PLQLPXP RI  FHOOV ZHUH FRXQWHG DQG TXDQWLILHG IRU
Ȗ+$;SRVLWLYHFHOOV!IRFLSHUQXFOHXVS
' 5HSUHVHQWDWLYH LPDJHV RI Ȗ+$; IRFL TXDQWLILHG E\ FRQIRFDO PLFURVFRS\ LQ '/'
DQG'/'&KUFHOOVXSRQ WUHDWPHQWZLWKHLWKHU3%6RU1$& PJP/DORQHRU LQ
FRPELQDWLRQ ZLWK '062  RU 7ULDPWHUHQH  0 1XFOHL DUH VKRZQ LQ EOXH
'$3,DQGȖ+$;IRFLDUHLQUHG

),*85(7ULDPWHUHQHVHQVLWL]HV005GHILFLHQWFHOOVin vivo
In vivoHIILFDF\H[SHULPHQWVZHUHSHUIRUPHGRQ12'6&,'PLFHLQMHFWHGZLWKHLWKHU
'/'FHOOV$[FHOOVRU'/'&KUFHOOV%[FHOOV:KHQWKHWXPRUV
 
ZHUH PHDVXUDEOH PLFH ZHUH WUHDWHG  WLPHV D ZHHN E\ JDYDJH ZLWK  PJNJ
7ULDPWHUHQH RU YHKLFOH 7XPRUV ZHUH PHDVXUHG WZLFH D ZHHN DQG WXPRU VL]H ZDV
QRUPDOL]HG WR LQLWLDO WUHDWPHQW PHDVXUHPHQWV'DWD UHSUHVHQW PHDQ  6(0 S 
16GHQRWHVDS!
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